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Our objective is to produce microscopic
quantitative theories of surface systems and
of systems in which quantum-mechanical
many-body correlations are preeminent. The
ability to predict the finite-temperature prop-
erties of materials lies in statistical
mechanics. The renormalization-group ideas
have made it conceptually possible to con-
template the statistical mechanics of systems
in which many-body correlations are impor-
tant. Actual performance of realistic statis-
tical mechanics, however, requires: 1) the
ability to deal with arbitrary local interactions
which the renormalization-group invariably
generates, 2) the ability to show the conver-
gence of calculations via systematically
improvable procedures, and 3) the ability to
deal with the dynamics of quantum opera-
tors. In our recent work, we have established
the first requirement for realistic systems.
Furthermore, at this time we are developing
Monte-Carlo procedures for implementing
the renormalization-group, thereby enabling
our achieving the second requirement.
Finally, we think that quantum systems could
be treated by these methods, by the applica-
tion of Feynman-path methods to transform
them into (d+l1)-dimensional classical
systems.
1.2 Random-Field Mechanism
in Random-Bond Multicritical
Systems
Project Staff
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It is argued on general grounds that bond
randomness drastically alters multicritical
phase diagrams via a random-field mech-
anism. For example, tricritical points and
critical endpoints are entirely eliminated
(in dimension d 2) or depressed in temper-
ature (d>2). These predictions are con-
firmed by a renormalization-group
calculation. Another consequence of this
phenomenon is that, under bond random-
ness, the phase transitions of the general
q-state Potts models are second-order for all
q at dimensionality d 2 and for higher q at
d>2.
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1.3 Exact Pair Correlations in
a One-Dimensional Fluid of
Hard Cores with Orientational
and Translational Degrees of
Freedom
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Exact direct and usual pair correlations for a
fluid of anisotropic hard cores with
orientational as well as one-dimensional
translational degrees of freedom are
obtained. These results indicate that pre-
vious approximations for the direct corre-
lations in anisotropic hard-core fluids have
overlooked the effect of orientational config-
urations for which the hard-core overlap is
not a smooth function of particle separation
beyond the point of hard-core contact.
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